We report on the capacitive performance of redox active cysteamine-functionalized multi walled carbon nanotubes (MWCNTs-Cyst). The thiol functional groups are found to be oxidized into sulfinic acid groups during functionalization of MWCNTs-Cyst, rendering the functional groups act as the molecular spacer to prevent MWCNTs agglomeration and the redox active sulfinic acid groups provides pseudocapacitance effect. The specific capacitance attained on MWCNTs-Cyst is found to be approximately 4-times higher than the nonfunctionalized MWCNTs electrodes. The enhancement can be attributed to the surface area enhancement in MWCNTs-Cyst and the pseudocapacitance effect. Ex situ spectroscopy (XPS and FTIR) confirms pseudocapacitive behavior of sulfinic acid groups, which undergo redox reaction into sulfenic acid groups upon charging and discharging process. Impedance study reveals the charge transfer process is facilitated by the redox reaction of sulfinic acid groups, thus lowering the charge transfer resistance. Interestingly, the supercapacitor made from MWCNTs-Cyst remains highly stable (90% retention) even after long cycle of charge discharge operation (11000 cycles).
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Introduction
With the growing world population and increasing standard of living, global demand for energy is increasing substantially. The energy storage system is, therefore crucial in supplying huge amount of energy whenever it is needed. In this context, supercapacitors emerge as the promising energy storage device as they could deliver high energy density (≥ 5 Wh kg -1 ) at fast rate (≥ 10 kW kg -1 ) [1] . Credit to nanotechnology, supercapacitors technology advances remarkably by utilizing nanostructured electrodes, which possess exceptionally high surface area and other superior physicochemical properties. Carbon nanotubes (CNTs) is one of the nanomaterials emerges from this technology revolution and used in supercapacitors electrode.
CNTs is a cylindrical carbon nanostructure that discovered in 1991 by Iijima in the carbon soot made by arc-discharge method [2] . Due to its unique structure, CNTs possesses extraordinary properties, such as high theoretical specific surface area (range from 50 to 1315 m 2 g -1 ), high length-to-diameter ratio (132,000,000 to 1), outstanding thermal conductivity and electrical properties [3] [4] [5] [6] . Hence, CNTs receives intense research attention worldwide in various applications, from biomedical, to energy system and to environmental remediation [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The application of CNTs in supercapacitors was pioneered by Niu et al., who produced high-power supercapacitors with free-standing mats of CNTs [18] . The work is remarkable as it shows the open structure of CNTs enables entire surface area for the ions adsorption, unlike activated carbon that only utilizes 1/3 of the surface area for this purpose.
Other report by Frackowiak et al. suggested that the presence of mesopores formed by the entanglement of carbon nanotubes also contributes to the improved ions adsorption [19] . To date, numerous works have been reported on the fabrication of supercapacitors electrode by CNTs, mostly in the form of multiwalled carbon nanotubes (MWCNTs) due to its ease of scale-up production. The quality of MWCNTs however is often being compromised during scale-up production, leading to poor performance of MWCNTs. Strong acid treatment for the oxidation of MWCNTs surface is often used to improve MWCNTs' performance by introducing oxygen functional groups for the pseudocapacitance effect [20] . For oxygen functionalized MWCNTs, 2-fold capacitance enhancement was achieved, however, at the expense of cycling stability [21] . Therefore, it is of great importance to engineer the MWCNTs surface for capacitance enhancement while preserving its cycling stability. In this work, industrial-grade MWCNTs is functionalized with cysteamine group for the capacitive enhancement and its redox reaction is investigated by ex situ spectroscopy techniques. performed as our previous report [22] . Briefly, pure MWCNTs (1 g) was purified in 20% HCl for 120 min, followed by reflux oxidation in a mixture of concentrated HNO 3 were employed to study the chemical changes in cysteamine group during charge storage process. It can be observed from the XPS analyses (Fig. 2d) that the all the sulfur peaks are shifted to higher binding energy for MWCNTs-Cyst after charging process. It suggests the charging process oxidizes both thiol and sulfinic acid groups in MWCNTs-Cyst. Upon discharging process (Fig. 2e) , all the sulfur peaks are shifted to lower binding energy (168 .4 eV and 169.6 eV), which can be ascribed to the sulfenic acid groups (SOH). The XPS findings are supported by the FTIR analysis (Fig. 2f) . value as compared to the reported value for pristine MWCNTs (5.13 Ω) [27] indicates the charge transfer process in MWCNTs-Cyst is facilitated by the redox activity of sulfinic acid functional groups. A near-vertical line at low frequency is in accordance with the Warburg diffusion for capacitive behavior. The phase angle at low frequency is found to be 84° (Fig.   3a inset) , which is very close to the ideal supercapacitor (90°) [27, 28] . The cycling stability
Experimental method
of MWCNTs-Cyst was tested for 11000 CDC cycles at 0.25 A g -1 (Fig. 3b) . There is slight capacitance loss after 5000 CDC cycles, probably due to the minor loss of reversible redox reactions. It is noteworthy that the MWCNTs-Cyst could retain high cycling stability of 90%
for 11000 cycles, in spite of having active redox sulfinic acid groups. Furthermore, the CDC curves shape are retained at the end of the test cycle (Fig. 3b inset) . It shows that the redox activity of sulfinic acid groups in MWCNTs-Cyst are highly reversible, which is in contrary to other reported redox groups which show deterioration over long cycle of CDC [29] . Thus, MWCNTs-Cyst could be a potential electrode material for high stability supercapacitor device.
Conclusions
The capacitive performance of MWCNTs is enhanced by cysteamine functionalization, 
